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Fast, Stable Method for Harvesting Leukocytes for Measuring Intracellular Magnesium

Niels Jorgen Frandsen and Peter McNalr
A new method forisolating blood leukocytes and measuring intracellular leukocyte magnesium is based on three successive centrifugations (1300 x g, 5 mm, 22#{176}C), with no use of Ficoll, followed by two washes. We express the leukocyte magnesium concentration in micromoles of magnesium per gram of protein. Magnesium is measured by atomic absorptionspectrophotometry, protein by the classic Lowry method. With the method 8% to 28% of the leukocytes are isolated and 0% to 0.025% of the erythrocytes. Of the isolated leukocytes 86% to 93% are viable. The magnesium concentration is constant at centrifugal forces >1000 x g, at a centrifugation time of 5 to 15 mm, and with use of two or three washes. However, the cells lose 1% of their magnesium content per hour when samples are left at 22 #{176}C. The temperature influencesthis.In blood samples from 98 volunteer blood donors, mean leukocyte magnesium concentrations were 26.4 (SD 3.9) mol/g. There was no significant correlation between the magnesium concentration and the relative amount of neutrophils.
Addftlonal Keyphrases: atomic absorption spectrophotomet,y sample handling Today, measurement of intracellular magnesium in the mononuclear cells in blood is considered superior to measurement of serum magnesium concentration or erythrocyte magnesium concentration for investigating potential magnesium depletion in patients (1) (2) (3) (4) (5) (6) . The classic method of intravenous magnesium loading is very elaborate and time consuming (7) and must be regarded as a research tool. The drawback of measuring intracellular magnesium in muscle tissue-probably the procedure of choice-is of course that it requires a muscle biopsy, which is attended with risk and malaise (8) .
Various methods have been developed for isolating mononuclear cells from blood (6, 9, 10). However, most of these methods, which involve the use of Ficoll (a copolymer of sucrose and epichlorohydrin), suffer from the interference of Ficoll with protein measurement by the method of Lowry et al. (9, 11) and from the contamination of plasma with Ficoll, which precludes its use for other measurements.
To circumvent these drawbacks, we developed a method Adjust the pH to 7.4 with HC1 or NaOH. Buffer C: Dilute NaCl (8.1 g), NaH2PO4 H20 (219 mg), Na2HPO4 . 2H20 (1.529 g), and glucose (2 g) to 1 L with water. Adjust the pH to 7.4 with HC1 or NaOH. 
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Percentageof the total numberof cellularelementsrecovered.C Percentage of viable cells after processing. C Calculated from the hemoglobin measurement.
CLINICAL CHEMISTRY, Vol. 35, No. 9, 1989 1987 plasma and erythrocytes. Using buffer A, wash the buffy coat out of the capillary down into buffer A to give a final volume of 1.5 mL. Let the cells stand for 10 mm, add 1,5 mL of buffer B, and centrifuge as before. Discard the supernate, add 1 mL of buffer C, shake, and centrifuge again. Discard the supernate, add 1 mL of water, and shake well. Store the samples frozen at -20 #{176}C until analysis. Before measuring magnesium and protein, sonicate the samples for 20 s.
We measured magnesium by atomic absorption spectrophotometry after dissolving in lanthanum buffer (3.6 mmol/L La302, pH 1.22) and the protein measurements by the method of Lowry et al. (12) . Leukocyte magnesium concentration is expressed relative to that of protein (micromoles of magnesium per gram of protein).
Evaluation of the Procedure
To test whether there was any magnesium contamination or uptake of magnesium by the utensils, we incubated them in 1 mollL HC1 or 0.1 moIJL MgCI2 overnight. The next day we measured magnesium. No magnesium contamination or uptake was observed. We then performed the following evaluation experiments.
Experiment 1 was designed to evaluate the fraction of the cellular blood elements we recovered. We collected two blood samples from nine patients. The first set of nine samples was used for counting blood cells, and the second set was processed according to the above procedure, except that we used buffer C instead of water in the last step and omitted the freezing and sonication. Then we did a total blood cell count on the cell suspension and calculated the recovery of the different cellular elements. The very low number of erythrocytes was below the measuring threshold. Therefore, to evaluate erythrocyte contamination, we measured total protein and hemoglobin in samples from nine patients, processed according to the procedure. Experiment 2 judged cell viability, with trypan blue, in nine patients' samples. Experiment 3 classified the leukocytes isolated. Two blood samples were collected from each of seven patients. On the first set of seven samples we performed a differential cell count. The second set of samples was processed according to the procedure, except that in the last step we used 500 L of buffer C instead of water, and no freezing or sonication, before making a differential cell count.
Experiment 4 explored the relation between magnesium concentration and centrifugation force. Six blood samples each from seven patients were processed according to the procedure, except that in the first centrifugation, force was varied for each set of samples as follows: 400 x g, 700 x g, 1000 x g, 1300 x g, 1700 x g, and 2100 x g. The second and third centrifugations were then done at 2100 x g. Experiment 5 demonstrated the relation between magnesium concentration and centrifugation time. Three blood samples each from seven patients were processed according to the procedure, except that the first centrifugation time for each set of samples was varied: 5, 10, and 15 mm. The second and third centrifugations lasted 15 mm. Experiment 6 tested the need for cell washes. Three blood samples each from five patients were processedaccording to the procedure. After adding buffer B we discarded the supernate and washed the three sets of five samples either zero, one, or two times with buffer C, before adding water and freezing.
Experiment 7 evaluated the influence of different anticoagulants. Three blood samples each from eight patients were anticoagulated with either 15 L of heparmn, 1600 L of trisodium citrate, or 400 L of dipotassium EDTA, and processed according to the procedure. Experiment 8 evaluated the effect of storage time and temperature. Six blood samples each were collected from seven patients. The first three sets of seven samples were processed, according to the procedure, after 0, 2, or 6 h delay at 22 #{176}C. The last three sets of seven samples were left untreated for 24 h-one set at 22 #{176}C, one set at 22 #{176}C with glucose added (to three times normal glucose values), and one set at 4#{176}C-and then processed.
Experiment 9 tested the effect of temperature during the performance ofthe procedure. Two blood samples each were collectedfrom eight patients.One set of eight samples was processed at 3 to 7 #{176}C, the remaining eight samples at 21 to 24 #{176}C. Experiment 10 evaluated the within-day coefficient of variation. Each of three patients, of the same ABO and Rhesus blood type, gave five blood samples. These 15 samples were pooled and distributed in 15-mL aliquots in 10 glass tubes, then processed according to the procedure. Experiment 11 provided a reference material. The subjects were all volunteer blood donors, 49 women and 49 men, mean age 32 (range 19 to 59) years. From each, two blood samples were collected, one for cell count and one for processing according to the procedure. Blood samples from donors were obtained between 0800 and 1200 hours.
Patients used in the study were outpatients referred for blood test examination. All gave informed consent to the blood sampling. Results are presented as mean with SD when a normal distribution could be anticipated, otherwise as mean and range. Table 1 shows the yield of differentcellsdetermined in experiment 1. The estimate of recovered erythrocytes, just 0.012%, contributes 6.3% (range 0% to 11.8%) to the total protein measurement.
Results
Classification of Isolated Cells
This causes the leukocyte magnesium concentration, expressed per gram of protein, to be underestimated by about 6.5%.
Experiment 2 demonstrates that about 90% of the harvested cells are viable (Table 1) . Experiment 3 reveals a small but significant shift in the distribution between granulocytes and lymphocytes after harvesting. Before (vs after) harvesting, granulocytes constituted 71% (range 65% to 78%) of the leukocytes by differential cell count and 65% (56% to 72%) by our method, and lymphocytes constituted 19% (13% to 26%) and 30% (25% to 33%), respectively(P = 0.001 by test). was constant at centrifugal forces exceeding 1000 x g. This finding was reproduced in three other tests with about the same setup. Experiment 5 demonstrated that prolonging the centrifugation for 5, 10, or 15 mm had no significant influence on the measured magnesium concentration.
Effectof Laboratory Conditions
Experiment 6 showed an 18% (significant; P = 0.06, t-test) decrease in magnesium concentrationwhen two washes were used insteadof one, but performing a third wash did not resultin a significant change.
Experiment 7 demonstrated that the type of anticoagulants used did not influencethe resultssignificantly (P >0.05 by one-way analysisofvariance).
Experiment 8 is illustrated in Figure 1 . Storage of samples at room temperature (22#{176}C) for0 to 6 h did not affect cellular magnesium, whereas storagefor24 h ledto a decrease of 22.5%. Neither adding glucosenor storingat 4#{176}C prevented this decrease. Indeed, storage at 4#{176}C caused a further decrease in cellular magnesium.
Experiment 9 revealed that the temperature at which the procedure was carried out, 4#{176}C or 22#{176}C, did not influence the cellular magnesium concentrations, 30.0 (SD 5.2)vs 28.8 (SD 1.6) .mol/g, although the variation in the measurement was greater at 4#{176}C (F-test: P = 0.014).
Stability and Reference Material
Experiment 10 demonstrated a within-series CV of 7%. Experiment 11, illustrated in Figure 2 , shows that the distribution of leukocyte magnesium concentrations in the series is nearly normal. Hence, use of a 95% reference intervalof 18.9to 34.1 molJg isvalid.The mean values observedforwomen (mean age 29.3years,SD 10.1)didnot differ from that of men (mean age 34.0 years, SD 10.1). Finally,we observed no correlation between leukocyte magnesium concentrationand the percentage of neutrophils(linear regression coefficient, r = 0.16).
Discussion
We have established a method for directly isolating blood leukocytes without the use of Ficoll. The method is handy, stable, and inexpensive, and it allows one to use the plasma for other measurements. The time required for the harvesting procedure is 35 mm + 7 mm per sample. For the method of Elm and Hosseini (6) itis60 mm + 10 mm per sample. Elin and Hosseini (6) isolated 60.4% (SD 13.4%) of the mononuclear cells in the blood. These cells make up 20% to 40% of the leukocytes, which means that they harvested 12% to 24% of the leukocytes. This equals our results. By our method we also isolated 0.012% of the erythrocytes (about 80 erythrocytes per 100 leukocytes) and 7% of the thrombocytes. Using a Ficoll-based method, Hosseini et al. (9) also had a small erythrocyte contamination(8.8erythrocytes per 100 leukocytes), but no contaminationwith platelets. Their method thereforeseems advantageous with respect to the isolation of mononuclear cellsfrom other blood cells. However, the erythrocyte contamination observed in our study does not seriously influence the intracellular magnesium results. Because we express the intracellular magnesium concentrationrelative to that of protein, we can calculate that the erythrocyte contamination, varying from 0% to 0.025%, would introduce a CV of3.9% forour results. In comparison with the total CV of7%, it follows that theCV would be decreased to only 5.8% ifthe contaminationwith erythrocyte could be completelyavoided.
Of the cellsharvested,91% are viable,closeto that observedby Elm and Hosseini: 97% to99% (6,9). A possible explanationfor this difference may be that we harvest leukocytes, whereas in the other methods mononuclear cells, excludinggranulocytes, are harvested. Our finding thatthe relative distribution ofcells harvesteddiffers from that in blood appears unimportant.At least, we found no dependency ofthe leukocyte magnesium concentration on the celldistribution in 98 normal volunteers.
However, variations inthefollowing methodological conditionsinfluencethe analytical outcome: storage time, storagetemperature,centrifugation force, number of cell washes, and processingtemperature.Without importance were thetype ofanticoagulant and the centrifligation time used (from 5 to 15 mm). Girardin and Paunier (13) also found that the cells lose magnesium during storage, depending on time and temperature. Elm and Hosseini (6) found a between-day CV of 6% and 17% in two volunteers measured every day for five days. This CV, however, included the intrapersonal day-to-day variation in magnesium concentration. In our hands, their method gave a CV of 5.9% (data not shown). Using the Ficoll method, Gallacher et al. (14) found a CV of 3.7%, expressing the magnesium concentration in nmoJJlO6 cells. Hence, the CV of 7% obtained by our method is similar to that for the Ficoll method.
The accuracy of our method is hard to judge because, in contrast to other investigators, we harvested total leukocytes without the use of Ficoll. Elm (15) calculated a weighted normal mean of mononuclear cell magnesium concentration (expressedas micromoles ofmagnesium per gram ofprotein) from data in seven publications to be 59.7 molIg. These seven studiesdiffered significantly in their normal mean values (range52.7to 73.3 mol/g). Much of the difference between theirnormal mean valuesand ours, 26.5mo1ig, isreadilyexplainedby known methodological differences. Thus, theirvalues are about 15% to 20% too high because ofFicoll interference with theirproteinmeasurements (9), whereas our values may be some 6% too low because of protein derived from erythrocyte contamination. Still, a certain part of the difference remains unexplained.
Regarding the lack of influence from sex and age, our results agree with those of Abraham et al. (16) .
